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FIG. 5A 



OPERATOR DRAWS OUTLINE 50 ON PATIENT'S BODY 

i 

OPERATOR ADHERES MARKERS 54 AND PLACES TRANSDUCER 
SUBSYSTEM 10 WITH TRANSDUCER MARKER 56 ON PATIENT'S BODY 



I 



VIDEO CAMERA 46 CAPTURES THE OUTLINE 50 , MARKERS 54 AND 
TRANSDUCER MARKER 56 


V 


V 


SHOWS ON 
DISPLAY 48 


STORES IN 
MEMORY 




r 


COMPUTERIZED TRACKING FUNCTIONALITY COMPUTES OUTLINE 

REPRESENTATION 52 



I 



COMPUTERIZED TRACKING FUNCTIONALITY COMPUTES COORDINATES 
OF THE TARGET VOLUMES TO BE TREATED 



t 

COMPUTERIZED TRACKING FUNCTIONALITY COMPUTES THE TOTAL 

VOLUME TO BE TREATED 



I_ 

OPERATOR CONFIRMS LOCATIONS OF TRANSDUCER MARKER 56 AND 
MARKERS 54 ON THE DISPLAY 48 



t 

COMPUTERIZED TRACKING FUNCTIONALITY COMPUTES THE MARKER 
REPRESENTATIONS 58 AND TRANSDUCER MARKER REPRESENTATIONS 

60 

V 

COMPUTERIZED TRACKING FUNCTIONALITY STARTS CONTINUOUS 
REGISTRATION PROCESS 

COMPUTERIZED TRACKING FUNCTIONALITY SELECTS FIRST TARGET 

VOLUME TO BE TREATED 



POSITIONING CONTROL UNIT COMPUTES REQUIRED REPOSITIONING OF 
TRANSDUCER SUBSYSTEM 10 



I 

X-Y-Z POSITIONING ASSEMBLY 49 MOVES TRANSDUCER TO OVERLAY 
THE SELECTED TARGET VOLUME 
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OPERATOR DRAWS OUTLINE 1050 ON PATIENTS BODY 



OPERATOR ADHERES MARKERS 1054 AND PLACES TRANSDUCER 
SUBSYSTEM 1010 WITH TRANSDUCER MARKER 1056 ON PATIENTS BODY 

I 

VIDEO CAMERA 1046 CAPTURES THE OUTLINE 1050 , MARKERS 1054 AND 

TRANSDUCER MARKER 1056 



STORES IN 
MEMORY 



T 



SHOWS ON 
DISPLAY 1048 



COMPUTERIZED TRACKING FUNCTIONALITY COMPUTES OUTLINE 
REPRESENTATION 1052 



COMPUTERIZED TRACKING FUNCTIONALITY COMPUTES COORDINATES OF 
THE TARGET VOLUMES TO BE TREATED 



COMPUTERIZED TRACKING FUNCTIONALITY COMPUTES THE TOTAL 

VOLUME TO BE TREATED 



OPERATOR CONFIRMS LOCATIONS OF TRANSDUCER MARKER 1056 AND 
MARKERS 1054 ON THE DISPLAY 1048 



COMPUTERIZED TRACKING FUNCTIONALITY COMPUTES THE MARKER 
REPRESENTATIONS 1058 AND TRANSDUCER MARKER REPRESENTATIONS 

1060 



COMPUTERIZED TRACKING FUNCTIONALITY STARTS CONTINUOUS 
REGISTRATION PROCESS 



T 



COMPUTERIZED TRACKING FUNCTIONALITY SELECTS FIRST TARGET 

VOLUME TO BE TREATED 



T 



POSITIONING CONTROL UNIT COMPUTES REQUIRED 
REPOSITIONING OF TRANSDUCER SUBSYSTEM 1010 



X-Y-Z POSITIONING ASSEMBLY 1049 MOVES TRANSDUCER TO 
OVERLAY THE SELECTED TARGET VOLUME 
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OPERATOR ENCOMPASSES ENTIRE OUTLINE 



THE IMAGE CIRCUMSCRIBED IS CAPTURED 



COLOR FILTERS ARE APPLIED TO THE CAPTURED IMAGE TO PROVIDE 
MAXIMUM CONTRAST OF THE OUTLINE TO ITS BACKGROUND AND TO 

REDUCE NOISE 



A THRESHOLD IS APPLIED TO THE ENHANCED CONTRAST AND 
NOISE-REDUCED RESULT OF THE FILTERING 



YES 



THE OUTLINE IS HOMOGENIZED 



X 



ANY REMAINING MARKER INDICATIONS ARE REMOVED 



THE CLEAN OUTLINE PRESENTATION IS OVERLAID ON A VIDEO IMAGE 
OF THE OUTLINE AND THE INTERIOR REGION 




-YES— , 



OPERATOR DESIGNATES THE 
LOCATION OF MARKERS TO BE USED 
IN TRACKING AND ALSO DESIGNATES 
THE LOCATION OF MARKER ON 
ULTRASONIC TRANSDUCER 
SUBSYSTEM 



OPERATOR DESIGNATES LOCATIONS 
ALONG THE DESIRED OUTLINE 



COLOR FILTERS ARE APPLIED TO THE 
CAPTURED IMAGE TO PROVIDE 

MAXIMUM CONTRAST OF THE OUTLINE 
TO ITS BACKGROUND AND TO 
REDUCE NOISE 



FOR EACH MARKER, THE 
GEOMETRICAL CENTER AND THE 
GEOMETRICAL CONFIGURATION ARE 
NOTED 



A THRESHOLD IS APPLIED TO THE 

ENHANCED CONTRAST AND 
NOISE-REDUCED RESULT OF THE 
FILTERING 



I 



A GEOMETRICAL CENTER OF THE 
OUTLINE IS CALCULATED 



THE CLEAN OUTLINE PRESENTATION 
IS OVERLAID OVER A VIDEO IMAGE OF 
THE OUTLINE AND THE INTERIOR 
REGION 



THE POSITION OF THE GEOMETRICAL 
CENTER OF EACH MARKER RELATIVE 
TO THE GEOMETRICAL CENTER OF 
OUTLINE IS NOTED 
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FIG. 11B 




CHANGES IN THE OBSERVED GEOMETRICAL CONFIGURATION OF EACH MARKER 
INDICATE TILTING OF THAT MARKER FROM A NOMINAL ORIENTATION 

* 

VARIATIONS IN THE THREE DIMENSIONAL CONFIGURATION ARE MONITORED BY 
ACCUMULATIVE CHANGES IN PLURAL MARKERS 

* 

A VIRTUAL GRID OF TARGET VOLUMES IS SUPERIMPOSED OVER THE 
THREE-DIMENSIONAL SURFACE 

i 

THE SYSTEM DISPLAYS A DESIRED POSITION IN THREE DIMENSIONS FOR THE 
ULTRASONIC TRANSDUC ER SUBSYSTEM 

V 

OPERATOR CORRECTLY POSITIONS THE ULTRASONIC TRANSDUCER SUBSYSTEM 

f 

A CONFIRMATION MESSAGE FOR CORRECT POSITIONING IS PROVIDED 

j 

OPERATOR IS ENABLED TO COMMENCE TREATMENT 

* — 

SYSTEM INDICATES THE GRID POINT AS TREATED TARGET VOLUME" 



— — are there more target points tob"E- — - . . . 

treated? ______ _ — n ° 

~~ ' t " ( STOP ) 

YES V J 

T 




CHANGES IN THE OBSERVED GEOMETRICAL CONFIGURATION OF EACH 
MARKER TO INDICATE TILTING OF THAT MARKER FROM A NOMINAL 

ORIENTATION 






VARIATIONS IN THE THREE DIMENSIONAL CONFIGURATION ARE MONITORED 
BY ACCUMULATIVE CHANGES IN PLURAL MARKERS 






A NEW VIRTUAL GRID OF TARGET VOLUMES WITH ONE TO ONE 
CORRESPONDENCE TO THE PREVIOUS GRID IS SUPERIMPOSED OVER THE 

THREE-DIMENSIONAL SURFACE 






THE SYSTEM DISPLAYS A DESIRED POSITION IN THREE DIMENSIONS FOR THE 
ULTRASONIC TRANSDUCER SUBSYSTEM 
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